SPACE STATION EVOLUTION 

BEYOND THE BASELINE 
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TRANSFER VEHICLE ACCOMMODATIONS AT TRANSPORTATION NODE 
Introduction 
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MARS TRANSFER VEHICLE ACCOMMODATIONS 
SSF Evolution Reference 
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the interior of the debns protection enclosure, and eases some ot the operations requireme 
assembly of the aerobrake and integration of the propellant tanks at the station. 
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TRANSFER VEHICLE ACCOMMODATIONS AT TRANSPORTATION NODE 
Outline 





SPACE STATION FREEDOM EVOLUTION 

Transfer Vehicle Accommodation Support Requirements 
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increases to 26,300 cubic meters. 







SPACE STATION FREEDOM EVOLUTION 

Transfer Vehicle Accommodation Support Requirements 



SOURCE: * NASA, "Report of the 90-day study on Human Exploration of the Moon and Mars’, November 1989 

** NASA, LaRC SSFO, "Space Station Accommodation of Human Exploration Program Initiative Block II 
Reference Mission Requirements, Final Implementation”, 24 September 1989 






TRANSFER VEHICLE ACCOMMODATIONS 
Incremental Time Phased Requirements 
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Incremental Time Phased Requirements 
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Mars Transfer Vehicle Capabilities are in addition to Lunar Transfer Vehicle Capabilities, which are ongoing in parallel. 







TRANSPORTATION NODE LTV SUPPORT CAPABILITY 
Varying Lunar Surface Stay, Launch Rates & Assembly Times 


C3 


03 ^ 

•5 S 


<D 



a •: 


<u 


a s 

<u 

<L> 


ox) 5 .go 


<u 


5 a 


0) 




fl fl) 
!£•§ 

























TRANSFER VEHICLE ACCOMMODATIONS AT TRANSPORTATION NODE 
Outline 




l 

i 

i 

: 





CONCLUSIONS 








LUNAR TRANSFER VEHICLE 
Vehicle Description 
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LUNAR TRANSFER VEHICLE 
Vehicle Description 


UJ 

D 

O 

UJ M 

co 8 

> JC 

DC o 
LU = 

> 3 

_J _J 

o” 


ooo 

(h<h(h 

h h h 
WWW 

ss 

(0 (0 

(0 c c 
5 w n 


W C C 
Q- CB (0 


°8 © 0) 
> 0 - 0 . 
UJ o o 

j q!i 

>>> 


r- <0 
• • 

CO h- 


CM 

NiDIfli- 


«®CM 
IA CO CM 


DC 

111 

OL 

o 

DC ^ 
CL SS> 

0) > 
(/} DC 

<< 


_ CM 
CO CM 

t ■ 

co : 

to : 


! uj t* 3j 

: DC 0 £> 
> 0=0 
HO 


: CO : : 

i< i j 
Ifctit 

o O G) O 

CL 0 C£ CL > 

a uj 


3 ! 

■a c 

o co 


® . m S 

tf 5 aO 

o> a> o o 

= 0&<£ 

g 




issssa 


o 


Source: NASA, "Report of the 90-day study on Human Exploration of the Moon and Mars", November 1989 
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By Primary Resource Utilization 
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LTV ACCOMMODATION OPERATIONS SUMMARY 
By Primary Resource Utilization 



Average hours are for a vehicle life of 5 missions: 1 assembly and 4 turnaround. 
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LTV ACCOMMODATION OPERATIONS COSTS 
By Primary Resource Utilization 



Average costs are for a vehicle life of 5 missions: 1 assembly and 4 turnaround. 
Relative costs are shown for comparison purposes only. 
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Options 2 and 5 did not satisfy the evaluation criteria nearly as well as the other options and are not 
considered good options. 
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STEP 3: AEROBRAKE SEGMENTS STEP 4: P/A MODULE & CORE STRUCTURE 
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LTV ASSEMBLY SEQUENCE (2 of 3) 



STEP 7: LEV INTEGRATION STEP 8: LEV PAYLOAD INTEGRATION 
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LTV ASSEMBLY SEQUENCE (3 of 3) 



STEP 11: THIRD PROPELLANT TANK STEP 12: FINAL PROPELLANT TANK 










































LTV ACCOMMODATIONS TECHNOLOGY REQUIREMENTS 
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To support an IOC of 2004 for the man-rated aerobraked LTV, Phase A studies for the LTV 
accommodations support hardware should begin in 1990. Phase B studies for a space station 
technology demonstration on servicing and maintenance should begin in 1990 as well. 









LTV ACCOMMODATIONS TECHNOLOGY REQUIREMENTS 





































TRANSFER VEHICLE ACCOMMODATIONS AT TRANSPORTATION NODE 
Outline 
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MARS TRANSFER VEHICLE 
Vehicle Definition 





MARS TRANSFER VEHICLE 
Vehicle Description 
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TYPICAL MARS MISSION SCENARIO 
Transportation Node / Infrastructure Element Interfaces 
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w delivery and return is performed by the STS. 







TYPICAL MARS MISSION SCENARIO 
Transportation Node / Infrastructure Element Interfaces 
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MTV ACCOMMODATION OPTIONS 
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MTV ACCOMMODATION OPTIONS 
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Mass statements for Options 1,2 & 3 which use SSF are only the A weight above that for SSF Lunar accommodations, necessary for MTV accommodations 
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MTV ACCOMMODATION OPERATIONS SUMMARY 
By Primary Resource Utilization 
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The triangles shown on the chart correspond with the axes on the right and indicate the number of 
growth OMV flights necessary to support the given operations. There is a significant difference in 
number of growth OMV flights for the five options, ranging from 11 for Option 2 to only 7 for 
Option 5. 
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Lunar Option 1 average (Accommodations at SSF) is shown tor comparison purposes 





























MTV ACCOMMODATION OPERATIONS COSTS 
By Primary Resource Utilization 
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Lunar Option 1 average cost (Accommodations at SSF) is shown for comparison purposes 
Relative costs are shown for comparison purposes only. 
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Using SSF for accommodating the MTV to a lesser degree is feasible, but there would be a high 
degree of impact on the SSF in terms of scientific disruption as well as software hooks and hardware 
scars. The autonomous vehicle assembly of Option 5 is somewhat risky from a technical and 
schedule standpoint. This is because of the added complexity placed on the MTV for performing 
these tasks in an autonomous mode. 
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MTV ASSEMBLY SEQUENCE (2 of 2) 



STEP 7: THIRD TMIS TANK INTEGRATION STEP 8: FINAL TMIS TANK INTEGRATION 
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TRANSFER VEHICLE ACCOMMODATIONS AT TRANSPORTATION NODE 
Outline 
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TRANSPORTATION NODE CONCLUSIONS 
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Debris protection is a significant issue for on-orbit accommodations. The size and mass of the 
debris protection becomes prohibitive if a high probability of no-penetration over time is desired. 
Innovative methods of providing debris protection may reduce many of the impacts this 
requirement has on the accommodation design. 
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DEBRIS PROTECTION IS A SIGNIFICANT ISSUE, AND INNOVATIVE METHODS OF 
PROVIDING DEBRIS PROTECTION CAN REDUCE IMPACTS ON FACILITIES 
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